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Abstract: Three transition metal complexes of Mn(l1), Co(ll), and Cu(l1) salts were prepared from novel Schiff base
ligand, ceph-2-ampy(HL) which was synthesized from the interaction of cephalexin and 2-aminopyridine. The Schiff base
ligand and all its corresponding complexes are colored, and are found to be very stable at room temperature, soluble in
organic solvents such as methanol, ethanol, dimethylsulfoxide (DMSQ) and dimethylformamide (DMF). The percentage
yield of the ligand and its complexes ranges from 63-66%, while the melting points range from 146-195°C.The complexes
were structurally characterized using Fourier transform infrared (FT-IR), UV-visible (UV-Vis), metal analysis, molar
conductivity and nuclear magnetic resonance (*H-NMR) of the ligand. From the spectral analyses, the molar conductivity
measurements revealed that all the complexes are non-electrolytes in nature. The infrared (IR) spectral studies indicates a
tridentate behaviour for the ligand and binds to the transition metal ions through the azomethine nitrogen (>C=N) and
caboxalato oxygen of cephalexin moiety. The electronic spectral results supported the predicted coordination geometry of
the complexes. The in vitro antimicrobial activities of the compounds were assayed against some pathogens such as
Gram-positive bacteria; Staphylococcus aureus and Bacillus subtilis; Gram-negative bacteria; Salmonella typhi and
Escherichia coli and fungal strain; Aspergillus fumigatus. The assay revealed a good to excellent activity for the ligand
and their complexes on all the tested microbes except in Aspergillus fumigatus with reference to the standard drugs
(cephalexin and ketoconazole).
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I. INTRODUCTION complexation was proposed by Anacona and Rodriguez

(2004). The acyl side chain involved in metal chelation

The antibiotic cephalexin (ceph) is first generation
cephalosporin and has good activity against Gram-positive
bacteria and relatively modest activity against Gram-negative
microorganisms (Grady et al., 1997 and Karchmer, 1995).The
structure of cephalexin metal complexes showing the
involvement of a-amino group of acyl side chain in metal

resulted in the antagonistic behavior of the cephalosporin. 2-
aminopyridine (2-ampy) is one of the isomers of
aminopyridines and it has been used for the synthesis of
pharmaceutical agents, it is a colourless solid used in the
production of piroxicam, which is used as a non-steroidal anti-
inflammatory drug (NSAID) to relieve the symptoms of
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painful, inflammatory conditions like arthritis (Brayfield,
2014). It has been used also as an intermediate for the
synthesis of pharmaceutical agents such as sulfapyridine.

Schiff bases containing azomethine or imine (—C=N) unit
is the condensation product of primary amines with carbonyl
compounds and have been reported by Hugo Schiff (Schiff,
1864). Schiff base ligands with aldehydes are formed more
readily than with ketones. This is because aldehydes react
faster than ketones in condensation reactions and also reaction
centres of aldehydes are less hindered than that of ketones as
reported by [Adams et al., 2013; Hussain et al., 2015 ;Grace,
2015].

Transition metal complexes containing heterocyclic
compounds have been of great interest in terms of structural
chemistry, catalysis and biological functions (Millar et al.,
1998). The field has undergone rapid growth due to the
synthesis of multidentate ligands from heterocyclic
compounds and the complexes of such ligands are formed
with metal ions (Volpato et al.,2010 ; Zahan et al., 2015). This
paper reports the synthesis of a Schiff base ligand derived
from cephalexin and 2-aminopyridine with its transition
metal(1l) complexes of Mn(ll), Co(ll) and Cu(ll), with their
physicochemical evaluations and antimicrobial activities .

Il. MATERIALS AND METHODS

All chemicals were of analytical grade and were used
without further purification. Cephalexin(Sigma Aldrich) and
2-aminopyridine (Sigma Aldrich) were obtained through
Bristol Scientific Company, Lagos, Nigeria. Metal(ll) salts
used were: cobalt(ll)chloride hexahydrate (CoCl,.6H,0),
copper(ll)chloride dihydrate (CuCl,.2H,0), (Fluka) except for
manganese acetate  (tetrahydrate)(Mn(OCOO),.4H,0,
(Aldrich). Solvents wused for synthesis and other
characterizations such as solubility were of absolute purity
which includes: ethanol, methanol, chloroform, n-hexane,
benzene and acetone, dichloromethane (DCM),
dimethylsulphoxide (DMSO) dimethylformamide (DMF), all
from (Sigma Aldrich), distilled water.

The FT-IR spectral characterization of the compounds
were recorded in the range of 400-4000 cm™ as KBr disc on
SHIMADZU Corporation, FTIR-8400S Spectrophotometer.
For electronic Spectra, the instrument used was SHIMADZU
- Probe UV-1800 UV-Vis Spectrophotometer in the range of
200-800 nm. For the 'HNMR spectrum of the ligand, the
instrument used was 5mm PABB -BB Spectrophotometer,
which was measured in MeOD at 25°C in the range of
chemical shift of 0 - 10 ppm using TMS as standard at
400MHz.

SYNTHESIS OF THE SCHIFF BASE LIGAND (HL)

The Schiff base ligand (HL)was synthesized according to
literature procedures (Imran, et al., (2007), Ndahi, et al.,
(2012), Taghreed, et al., (2014), Anacona, et al.(2016),by
mixing cephalexin (0.34738g, 1mmol) with equimolar amount
of 2-aminopyridine (0.09412g, 1mmol) dissolved in hot
ethanol (25ml). The mixture was refluxed for 2 hours while
progress of reaction was monitored by thin layer

chromatography (TLC). On completion of the reaction, orange
precipitate formed was allowed to cool, filtered and washed
with ethanol followed by diethyl ether. The orange product
was dried over calcium chloride (CaCl,) in a desiccator.

Equation of the Reaction is shown in Scheme 1.
CH3 OH

&Q@ﬁ%

EtOH, Stirr, Reflux, 2h.

NH, ©

Scheme 1: Schiff base derived from cephalexin antibiotic with
2-aminopyridine

PREPARATION OF THE METAL COMPLEXES

The transition metal complexes were prepared according
to some modified literature procedures [Taghreed et al.,
(2014), Anacona et al., (2016)]. The Mn(l11), Co(ll) and Cu(ll),
complexes were prepared by dissolving 2mmol of the ligand
and 1mmol of the corresponding metal ions in 1:2(M:L) mole
ratio respectively. The reaction mixture was refluxed and
continuously stirred using magnetic stirrer for 2hrs. The
progress of reaction was each time monitored by thin layer
chromatography (TLC). It was then allowed to cool at room
temperature. The light brown or light green products formed
were filtered and washed with ethanol, followed by diethyl
ether and dried in a desiccator over CaCl,.The reaction is
presented in Scheme 2.

M(Il) Salt @J\”/ ?1
EtOH.

Stir, @N

Reflux =

2h.

by -
S | \”/%L§

CHs
Where M = Mn(ll), Co(ll) and Cu(ll)
Scheme 2: Synthesis of the metal(11) complexes

THE IN VITRO ANTIMICROBIAL ACTIVITY ASSAY

The results of the preliminary in vitro antimicrobial
activity of the Schiff base ligand and its metal(ll) complexes
at concentrations of 30 and 20 pg/ml were used to determine
the activity of the complexes and the ligand which were
evaluated by Disc diffusion method as reported by Imran et
al., (2007) and Al-Bayatiet al., (2010) and adopted by Ndahi
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et al. (2012); Wazari et al. (2013) on some clinical pathogens
such as Staphylococcus aureus, Bacillus subtilis, Salmonella
typhi, Escherichia coli and Aspergillus fumigatus. The
inhibition zone was recorded in millimetre.

interaction of the Schiff base ligand and some metal(l1) ions in
ethanol in 1:2 molar ratio (M:L) gave the metal(ll) complexes
of the respective ions having various colours with a percentage
yield ranging between 63-66%(Tablel). The metal complexes

formed are non-hygroscopic solids. The colours of the
synthesized complexes can be attributed to d-d transitions of
the metal ions (Lee, 2009). This is characteristic of transition
metal complexes (Cotton, 1999) because of partially filled d-

I1l. RESULTS AND DISCUSION

RESULTS orbitals.
- - The ligand melted in the range of 153-154°C. The melting
Compound Colour Conducti M.P Yiel Metal . .

vity C) d % points of the metal(ll)complexes were re(_:orded in the range of
(Scm? (%)  Found 146-195°C(Tablel). The high melting points of the Schiff base
mol™) (cacld) ligand and the metal(ll) complexes indicated that they are
HL(Ceph-2- Orange 0027 153154 66 stable compounds and not easily decomposed as reported by
ampy) Ahmed and Akhtar, (1983).The higher melting points in the

[Mn(Ceph- Light 0.179 179-180 63  6.20(6.1 ' : 4
ampy)2] brown 4) Mn(ll) and Co(ll)complexes compared to the ligand also
_ suggest the chelating effect of the ligand(Antonio et al., 1984,
[Co(Ceph- bL'ght 0122 193195 66 65062  Ndahi et al., 2012). The percentages of each metal in the
ampy):] rown 5) complexes are in agreement with the theoretical values. The
[Cu(Ceph- Light green 0.016 146-148 66  6.77¢6.0  solubility data indicated that the complexes are soluble in
ampy);] ) distilled water and some common organic solvents such as

methanol and ethanol but slightly soluble or insoluble in n-
hexane and acetone. They were however, very soluble in
coordinating solvents such as DMF and DMSO .The low
molar conductance values of the complexes revealed their
non-electrolytic nature (Hultin, 2002).

Key: (Ceph-ampy) = Cephalexin-2-aminopyridine Ligand
Table 1: Some physical properties of the Schiff base and its
metal(l1) complexes

Infrared Spectra of the ligand and its metal(I1) Electronic Spectra of the ligand
Complexes(cm™) and its metal(I11) Complexes
Compounds V(NH) V(OH) Vv(C=N) v(C- V(M- v(M- Amax(NM) Wave Band |NFRARED SPECTRA
N) N) 0) number Assignm
(cm™) ent
oy e sk s . 28 4%68  ng In order to study the binding mode of the Schiff base to
[Mn(cehp-2-  3390sh  2937sh  1640sh  1423sh  599sh  550sh 287 34843 ot the metal co_mplexes, the IR spectrum of the free Ilgand was
ampy),] 234 compared with the IR spectra of the complexes (Table 2).The
[Cofceph-2-  3356sh  2070sh  1688sh |, .. 627sh 678w 294 34013 P Schiff base (HL), shows its characteristic absorption bands in
eyl i the 3461, 1661 and 1384 cm™ regions, assignable to v(O-H),
[Cuooph2-  aussh  203%h  d62m  L8am  Th Gsh | 2R ST T v(C=N) and v(C-N) vibrations respectively. The band at 1661

Table 2: Infrared spectra and Electronic Absorption Spectra cm*due to the azomethine functional group of the Schiff base

of the ligand and its metal(ll) complexes

underwent a shift to lower frequency in the Mn(11)(1640 cm™)
Compound Con?. S. aureus B. subtilis S. typhi E. coli AFumi —and Cu(ll) (1622cm'1) complexes except the [Co(ceph-2-
s %4 ampy),] which showed a band at 1668 cm™. This observation

is similar to the literature reported by Byeong-Goo et al.,

HL 30 32.330.33 30.66+0.33 20.00£0.0 17.66+0.33 R . R N a R R N
20 28001000  2533:033  9.66:033  14.33:0.00 R (1996), Aliyu and Sani,(2012), which indicates coordination
[Mn(HL).] 30 21661033  10.00:000 10004000  22.66+0.33 R of azomethine nitrogen to the metal ions. The nature of the
20 1033:033  1000:000  1000£0.00  200.33:033 R metal-ligand bonding is confirmed by the appearance of the
[Co(HL);] 0 4000000 4000:000  30.00:0.00 25004000 R newly formed bands at 599- 789cm™ and 550-678 cm™ which
.66+0. .00+0. 10.00+0. .330. R . . .
are not present in the free Schiff base are assigned to v(M-N)
(CuHLA] 20 31666033 29331000  23.005033 26664066 R a_nd_ v(M-0) r_espectl_vely. These observations agree with
20 27001033  2666:033  20.33:033  23.33:0.33 R similar reports in the literature (Alaa,2015).
Cephalexin 30 26.00+0.00 20.00+0.00 23.00+0.00 20.33+0.33 R ELECTRONIC SPECTRA
K I 30 31.33x0. - -
etoconazole e The electronic spectral data of the ligand and the

complexes were recorded in methanol in the wavelength range
of 200-800nm and the results are presented in Table 2. The
spectra of the compounds have been assigned by comparing
the observed values with the previous works on similar
systems (Tagreed et al., 2014). The absorption spectra of the
Schiff base exhibited two bands at 229 nm and 275 nm
assigned to m—7 and n— transitions of the ligand. The inner
ligand transitions such as n—7"and n—7" are expected due to
the presence of C=N, C=0 and C=C groups in the ligand

Table 3: Antimicrobial Activities of the Schiff base Ligand HL
and its Metal(1l) Complexes

IV. DISCUSSION
The reaction between cephalexin with 2-aminopyridine in

a molar ratio of 1:1(ceph:2-ampy), produced an orange solid
of the Schiff base (HL)with a percentage yield of 66 %. The
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structure(Lever,1968) In the complexes, these bands were
shifted to lower frequency of 232-294 nm which were also
assigned to m—® or n—i transitions which indicates
coordination. This is in agreement with the literatures reported
by Somez et al.,(2004) and Anacona et al., (2014). This
observation may also be due to polarization within the C=N-
caused by metal-ligand electron interaction.

'HNMR SPECTRUM

The 'H NMR spectral data of the free Schiff base ligand
was recorded in MeOD against tetramethylsilane(TMS) as
internal reference. The aromatic protons, which appeared as a
multiplet were observed at 7.2 — 8.3 ppm. The signals due to
the methyl protons were observed at 1.5 ppm. The NH,
protons were seen at 4.2 ppm. The chemical shifts obtained
were similar to those of Schiff base ligands reported by
Tagreed et al.,(2014) and Anacona et al., (2014).

ANTIMICROBIAL ASSAY

The antimicrobial activity of the Schiff base shows
promising activities against all the bacteria used except E. coli.
The complexes of cobalt(ll) and copper(ll) possess
pronounced bactericidal activity against S. aureus, S.typhi,
B.subtilis and E. coli in comparison with the manganese(ll)
complex which is active only against E. coli and S. aureus
compared to that of the reference drug cephalexin. The fungi
(A.Fumigatus) showed resistance at all the concentrations
used.

CONCLUSION

The results of the analysis have revealed that cephalexin
antibiotic has condensed with the 2-aminopyridine which
afforded Schiff base ligand (HL). Metal analysis, IR spectra
and UV/visible electronic transitions were used to support the
proposed structures. The ligand and the metal complexes
exhibited moderate to excellent activity towards all the
mentioned bacterial strains. On the basis of the results
obtained, the proposed structure of the ligand and complexes
are as shown in Schemes 1&2 respectively.
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